Introduction
Rhodamine B, with the chemical structure shown in Fig. 1 , was used as an artificial synthetic xanthene dye, which was initially widely used in textiles and plastic industries as a colorant, and in biological chemistry as a fluorescent reagent. [1] [2] [3] Rhodamine B was reported to have carcinogenic properties, neurotoxicity toxicity, and chronic toxicity to humans and animals. 4, 5 As a result of its harmful effects on human health, rhodamine B was identified as an illegal additive in food by the European Food Safety Authority. 6 In the USA and China, the usage of rhodamine B in food was also forbidden. 7 However, chili food was often adulterated with rhodamine B by some counterfeiters to improve the natural color due to its intense color and low cost. 6, 8 Chili oil was a popular type of chili products in the market. Although many analytical methods were developed for the determination of rhodamine B, [9] [10] [11] [12] [13] it was difficult to confirm and quantify when trace rhodamine B was mixed in chili oil owing to its high viscosity and complex natural colorants. Therefore, very few methods were reported to be suitable for testing chili oil samples. [14] [15] [16] In a testing method reported by Prof. Zhang, rhodamine B and some natural pigments were separated from chili samples by methanol without selectivity. The other two methods suffered from complicated pretreatment and long time-consumption. Hence, the development of a particular, simple and cost-effective method suitable for chili oil samples remained a challenge.
Recently, deep eutectic solvents (DESs), which were developed by Abbott et al., attracted great attention due to promising properties, such as easy preparation, low cost, negligible vapor pressure, non-toxicity, and biodegradability. [17] [18] [19] DESs composed of two or three inexpensive and safe components capable of self-association had low melting points compared to their constituting components. As a class of novel green solvents, DESs were applied to many fields, such as organic synthesis and compound separation. [20] [21] [22] [23] [24] The current DESs were types of polar and water-miscible solvents, which should have potential ability to extract the analytes from oil samples. Qiu et al. separated phenolic compounds from model oil using DESs as extraction media. 25 In this study, a particular, simple and cost-efficient method for the determination of trace rhodamine B in chili oil by deep eutectic solvent extraction and ultra-high-performance liquid chromatography (UPLC) equipped with a fluorescence detector was developed. The deep eutectic solvent (DES-1), 26 comprised of choline chloride and ethylene glycol (mole ratio 1:3), was used as a green and inexpensive extractant to concentrate rhodamine B from chili oil samples. Interestingly, DES-1 showed good selectivity and efficient enrichment toward rhodamine B. Without any special cleanup procedures, there was no impurity interference with the determination of rhodamine B. To our knowledge, this was the first time that deep eutectic solvent extraction was applied to the analysis of rhodamine B.
15 mL centrifuge tube, followed by the addition of DES-1 (1.0 mL) and n-hexane (5 mL). This mixture was shaken under vortex movement for 1 min, and then centrifuged at 7800 rpm for 3 min to accelerate phase separation. The upper phase was removed using a plastic pipette. The residue was washed again with n-hexane (3 mL), and then diluted to a total volume of 5 mL with methanol. The final solution was filtered through a 0.22-μm membrane for UPLC analysis.
UPLC analysis conditions: The chromatographic conditions were also investigated. Finally, water (solvent A) and methanol (solvent B) were used as the mobile phase, and a gradient elution method was employed in order to obtain a suitable retention time and the best signal to noise ratio. The linear gradient conditions were as follows: 0.0 min, 30% B; 3.0 min, 90% B; 5.0 min, 90% B; 6.0 min, 30% B; 7.0 min, 30% B. The flow rate was 0.3 mL/min. The column oven temperature was set to 30 C and the injection volume was 3 μL. The excitation and emission wavelength were set at 550 and 580 nm, respectively, for fluorescence data collection.
Results and Discussion
In the established method, rhodamine B was extracted from chili oil with DES-1 comprised of choline chloride and ethylene glycol (mole ratio 1:3). In order to stress the extraction behavior of DES-1 for rhodamine B in chili oil, an equal volume of water as the extraction medium was used for a control experiment in consideration of the aqueous solubility of rhodamine B. Compared with the approximately 75% recovery from DES-1, the recovery from water was less than 10% (shown in Fig. 2 ). Taking into account the structure of rhodamine B, acidic buffer solutions may provide higher recovery than water. As expected, both formic acid/ammonium formate buffer and phosphoric acid/potassium dihydrogen phosphate buffer gave higher recovery than water. However, the recovery from acidic buffer solutions was still far less than that from DES-1. As a traditional organic solvent, methanol dramatically improved the extraction efficiency of rhodamine B from chili oil samples. Although methanol was previously used quite often as an extraction solvent for rhodamine B, some natural pigments were separated from chili samples together with rhodamine B as shown in Fig. 3 . Acetonitrile, if served as an extractant, was highly toxic to human. Moreover, the influence of mole ratio of choline chloride and ethylene glycol on the recovery in the proposed extraction method was investigated. According to previously reported research, the deep eutectic solvent (DES-2) comprised of choline chloride and ethylene glycol (mole ratio 1:2) 27,28 was also applied to the separation of rhodamine B from chili oil.
As the results demonstrated, the optimum mole ratio of choline chloride and ethylene glycol was 1:3. This may be ascribed to the viscosity of the DESs which varied in the sequence DES-1 < DES-2. 25 In spite of the different extraction efficiency, the deep eutectic solvents DES-1 and DES-2 showed better selectivity for rhodamine B than some natural pigments, as displayed in UV-Vis chromatograms at 550 nm (presented in Fig. 3 ). To emphasize the selectivity behavior of DES-1 compared with methanol, the methanol extracting solution was extracted with DES-1 after a nitrogen flush treatment. The other peaks, except for rhodamine B (4 min) on the chromatogram, disappeared, as revealed in Fig. 3 (the top line) , which clearly demonstrated high selectivity of DES-1 for rhodamine B. Although our method is based on fluorescence detection, UV-Vis detection at 550 nm was used to evaluate the selectivity of the extraction solvents for two reasons. First, the types of pigments showing absorption properties in chili oil were much more than that of pigments showing fluorescence emission properties.
Second, one pigment should have absorption at 550 nm if it could be detected by our proposed fluorescence method. Therefore, the data of absorbance could fully stress the selectivity of DES-1 for rhodamine B.
The optimization of extraction conditions were studied, and the details was depicted in Figs. S1 and S2 (Supporting Information). The extraction time (1 min) required for extraction equilibrium in this proposed method was much less than that of previously reported methods.
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Method validation
A calibration curve was constructed using six working standard solutions in the range of 1.00 -50.0 μg/L to examine the linearity. The obtained regression equation and correlation coefficient were y = 2.48 × 10 4 x + 2.26 × 10 2 , R2 = 0.9996. The precision and accuracy of the analytical method were estimated through the relative standard deviation (RSD, %) and recovery (%), respectively, in the recovery experiments. A blank value was determined prior to the recovery study. Spiked samples with three additive levels (10, 50, and 200 μg/kg) were obtained by delivering 0.2 mL of standard solutions (50, 250, 1000 μg/L) to 1 g of chili oil. The parallel experiments for each level involved 6 samples. The limits of detection (LOD) and quantification (LOQ) were determined by the signal-to-noise S/N = 3 and 10 ratios of the minimum peak in the standard solutions, which were calculated to be 1.67 and 5 μg/kg, respectively. The precision and accuracy results are given in Table S1 .
Real sample application
For estimating a practical application value of this method, eight chili oil samples marked with 1 to 8 that were purchased from local markets were used as analysis objects. Figure 4 shows chromatograms of the real sample marked with 1 and a spiked sample. The test results are demonstrated in Table S2 , which lists the concentrations of rhodamine B in real chili oil samples and the recovery of the spiked real samples (the final concentrations was 10 μg/kg). Quantification was performed by the standard calibration curve. The spiked recovery values of the analytes ranged from 56.2 to 73.9%. This developed method appeared to be an appropriate technique for analyzing rhodamine B at trace-level in actual samples.
Conclusions
In summary, a deep eutectic solvent (DES-1) comprised of choline chloride and ethylene glycol (mole ratio 1:3) could selectively separate rhodamine B from chili oil. It was the first time a deep eutectic solvent (DES) was used as a novel extraction medium for the determination of rhodamine B. The established method using DES-1 as the extraction agent was a sensitive, convenient and simple analytical technique for determining rhodamine B in real chili oil samples, and had great significance for market supervision. Importantly, this method had potential application in rapid qualitative detection of rhodamine B in chili oil. Moreover, this study had explored the potential capacity of deep eutectic solvents in depth for the characterization of chemical contaminants in food.
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